Fertilization-promoting peptide (FPP) regulates the adenylyl cyclase (AC)/cAMP pathway to elicit capacitationdependent responses, stimulating capacitation in uncapacitated spermatozoa and then arresting it in capacitated cells, thereby inhibiting spontaneous acrosome reactions. Like FPP, calcitonin and angiotensin II are found in seminal plasma and so might affect sperm function; this study investigated responses in uncapacitated and capacitated mouse spermatozoa to these three peptides. Both calcitonin (5 ng/ml) and angiotensin II (1 and 10 nmol/l), like FPP (100 nmol/l), significantly stimulated capacitation, assessed using chlortetracycline (CTC) fluorescence and fertilization in vitro analyses. Combinations of two or three peptides, at high and low, nonstimulatory concentrations, were more stimulatory than the individual peptides, suggesting that they may act on the same signalling pathway, plausibly AC/cAMP; preliminary data indicate that calcitonin does stimulate cAMP production. In capacitated cells, FPP and calcitonin elicited pertussis toxin-sensitive inhibition of spontaneous acrosome loss, suggesting involvement of inhibitory G proteins; angiotensin II had no detectable effect. When all three peptides were used, angiotensin II did not interfere with inhibitory responses to FPP/calcitonin. These results suggest that angiotensin II, calcitonin and FPP may somehow modulate the AC/cAMP signal transduction pathway, but the precise mechanisms involved have yet to be elucidated.
Introduction
, is a plausible modulator of capacitation in vivo. FPP has been shown to elicit capacitation-dependent responses Although mammalian spermatozoa are known to be nonin vitro in mammalian spermatozoa (Green et al., 1994 , fertilizing at the time of release from the male reproductive 1996a,b; Funahashi et al., 2000) , initially stimulating capacittract (Austin, 1951; Chang, 1951) , permissive conditions will ation and fertilizing ability in uncapacitated cells and then allow the spermatozoa to 'switch on' physiologically whether arresting capacitation in capacitated cells, resulting in inhibition in the female reproductive tract or under laboratory conditions of spontaneous acrosome reactions. Evidence suggests that in vitro. These functionally competent cells are considered to once capacitation is initiated, it will continue unchecked, often be 'capacitated' (Austin, 1952) because they have the capacity culminating in the spontaneous acrosome reaction. Biologicto fertilize oocytes, being able both to express hyperactivated ally, this is undesirable since acrosome-reacted spermatozoa motility and to undergo an oocyte-induced acrosome reaction. This acquisition of fertilizing potential, or capacitation, are not able to fertilize intact oocytes (Yanagimachi, 1994) . involves many changes to the sperm surface, as well as Therefore, these responses to FPP could provide a biologically intracellular components (for review, see de Lamirande et al., important mechanism for ensuring that most, or all, of the 1997), but there is still little information about regulation of spermatozoa reaching the site of fertilization in vivo are these events.
capacitated but remain acrosome-intact, thus retaining fertilizRecent in-vitro studies have revealed that fertilizationing potential. promoting peptide (FPP; pGlu-Glu-ProNH 2 ), produced by the Calcitonin is a 32 amino acid peptide hormone whose chief prostate gland and found in seminal plasma of several mammals function is the regulation of Ca 2ϩ fluxes and metabolism. Of the three main phylogenetic classes of calcitonin, i.e. teleost/ avian, artiodactyl and rat/human (Pozvek et al., 1997) , the first *This study has previously been published in part, see Fraser et al. (1999) .
is the most potent, with salmon calcitonin being widely used both in vivo and in vitro (to treat human metabolic bone cells to calcitonin and angiotensin II, again with FPP as the positive control; and (iii) responses obtained using combinadisorders; see Pozvek et al., 1997) . Calcitonin is produced mainly by parafollicular cells in the thyroid; although several tions of peptides. somatic tissues have been shown to possess calcitonin receptors, the primary target tissue for calcitonin has been assumed
Materials and methods
to be bone since calcitonin inhibits osteoclast activity. However, high concentrations of calcitonin in seminal plasma (apparently Media and reagents of prostatic origin; Davis et al., 1989) have been reported, The medium used in all experiments was a modified Tyrode's medium with the mean concentration (~2 ng/ml) being~40 times that (Fraser, 1993) containing 4 mg/ml bovine serum albumin (BSA). All reagents were obtained from Sigma (Poole, Dorset, UK), unless found in human serum (Sjöberg et al., 1980) . Early studies otherwise specified. FPP (pGlu-Glu-ProNH 2 ) solutions were prepared carried out in the 1980s reported that: (i) salmon calcitonin as described previously (Green et al., 1994) , lyophilized and stored inhibited human sperm motility in vitro (Gnessi et al., 1984) ; at -20°C. For use, samples were reconstituted in BSA-free medium,
(ii) calcitonin bound particularly to the flagellum (Foresta divided into aliquots and frozen; these stock solutions were kept for et al., 1986) ; and (iii) [ 125 I]-salmon calcitonin bound to human a maximum of 1 month. Concentrated stock solutions of angiotensin spermatozoa, suggesting the presence of calcitonin receptors II and calcitonin were prepared in medium, divided into aliquots, (Silvestroni et al., 1987) . Whether calcitonin might play an frozen and kept at -20°C until needed. Pertussis toxin stock solution important role in modulating sperm function was unknown.
was prepared in distilled water and kept in the cold; for use, the In separate and unrelated investigations, evidence has solution was mixed well and diluted with culture medium daily as suggested that the renin-angiotensin system (RAS) may play needed. In all experiments, working stock solutions were 50ϫ the a role in modulating sperm function. In particular, angiotensin final concentration desired.
II type-1 (AT1) receptors have been detected on developing Sperm suspension preparation spermatids and on mature rat spermatozoa and both AT1
The contents of cauda epididymides from mature TO male mice and AT2 subtypes are now known to be present on human (Harlan Olac, Bicester, UK) were released into medium in 30 mm spermatozoa (Vinson et al., 1995; Köhn et al., 1998) . Angiosterile culture dishes (Nunc, Roskilde, Denmark) and allowed to tensin II, an 8 amino acid peptide whose chief function is disperse for 5 min. For experimental protocols using uncapacitated the regulation of cardiovascular and electrolyte homeostasis spermatozoa, cells were then filtered through short columns of , was reported to enhance specific para-covered with autoclaved liquid paraffin (Boots, Nottingham, UK). Sperm suspensions were prepared by releasing epididymal spermatozoa into control medium (contents of two caudal epididymides into 1 ml medium); after 5 min dispersal time, aliquots were removed and stock solutions of peptides were added to give the desired final concentration (see Results for details regarding each experimental series). After 40 min preincubation, sperm suspensions were diluted 10 fold in medium of the same composition used for the preincubation to give a final concentration of~2ϫ10 6 cells/ml; 400 µl were transferred to culture dishes and covered with liquid paraffin. After 65 min co-incubation with sperm suspensions, oocytes were transferred to small droplets of control medium and then fixed at 75 min with buffered formalin (4% formaldehyde in phosphate-buffered saline). Oocytes were stained with 0.75% aceto-orcein, a coverslip was added and oocytes were assessed. A fertilized oocyte (i.e. a zygote) was one that had resumed the second meiotic division and contained a decondensing sperm head. Figure 1 . Both salmon and human calcitonin significantly stimulated capacitation in uncapacitated epididymal mouse sperm Statistical analysis suspensions treated for 40 min and then analysed using Data were analysed using Cochran's modification of the χ 2 test chlortetracycline (CTC). Treatments were: none (Con), 100 nmol/l fertilization-promoting peptide (FPP; positive control), 5 ng/ml (Snedecor and Cochran, 1980) . Because this test involves comparison salmon calcitonin (Sa-CT), 200 ng/ml human calcitonin (Hu-CT). within individual replicate experiments, consistent patterns of response Data are presented as percentage of cells (mean Ϯ SE; n ϭ 3) are required in order to obtain significant differences.
expressing the F pattern ( a ), the B pattern ( r ) and the AR pattern ( s ) of CTC fluorescence. ***P Ͻ 0.01 compared with untreated controls.
Results
Series I: effect of calcitonin on uncapacitated mouse tion, sperm motility appeared to be more vigorous in suspen-*P Ͻ 0.05, **P Ͻ 0.025 compared with untreated control suspensions sions treated with calcitonin or FPP than in untreated controls.
(n ϭ 4).
Cells were then stained with CTC, fixed and evaluated. All three treatments significantly stimulated capacitation (P Ͻ 0.01; Figure 1 ) as demonstrated by many fewer F pattern exhibit different capacitation kinetics; in some, capacitation is quite slow (e.g. only 7% of oocytes fertilized) but in others, uncapacitated cells and many more capacitated B pattern cells, while there was no detectable effect on the spontaneous it is more rapid (e.g. 60% of oocytes fertilized). The crucial fact is that calcitonin-treated suspensions were more fertile acrosome reaction. In the last two replicates, an additional sample was treated with the lower concentration of 20 ng/ml than untreated suspensions. human calcitonin; this treatment also stimulated capacitation Series II: effect of angiotensin II on uncapacitated mouse but to a slightly lesser extent than the higher concentration of spermatozoa the human hormone (data not shown).
These results suggested that calcitonin treatment would also Sperm suspensions were prepared, filtered, divided into subsamples and then incubated in the presence of 1 nmol/l and stimulate fertilizing ability in vitro. This hypothesis was tested by preincubating sperm suspensions for 40 min with no 10 nmol/l angiotensin II, 100 nmol/l FPP (positive control) or nothing (untreated control) for 40 min (n ϭ 3). In suspensions additions (control), 5 ng/ml salmon calcitonin or 200 ng/ml human calcitonin, then diluting them 10 fold in medium of treated with angiotensin II or FPP, sperm motility appeared to be more vigorous than in untreated controls. Capacitation was the same composition and adding unfertilized oocytes (n ϭ 4). After fixation, staining and assessment of oocytes, results significantly stimulated (P Ͻ 0.01) by both concentrations of angiotensin II and by FPP, but there was no detectable effect (Table I) revealed that both calcitonin treatments significantly stimulated fertilizing ability (salmon calcitonin, P Ͻ 0.025; on the acrosome reaction ( Figure 2 ). These results suggested that angiotensin II-treated suspenhuman calcitonin, P Ͻ 0.05) compared with untreated controls. The variability in the proportion of fertilized oocytes among sions would be more fertile in vitro than untreated controls. After preincubation of suspensions treated with nothing (conthe replicates here reflects the use of suspensions that have not fully capacitated and so individual sperm suspensions trol), 100 nmol/l FPP or 10 nmol/l angiotensin II for 40 min, oocytes were added (n ϭ 3). Both FPP and angiotensin II n ϭ 3) expressing the F pattern ( a ), the B pattern ( r ) and the significantly stimulated fertilization to the same extent (P Ͻ AR pattern ( s ). **P Ͻ 0.025; ***P Ͻ 0.01. 0.025), compared with controls (Table II) , with both treatments leading to 55-57% of oocytes being fertilized compared with only~20% in the untreated control group. of calcitonin and angiotensin II had a significant effect when used individually yet, when combined, they significantly stimuSeries III: effect of simultaneous use of calcitonin and lated (P Ͻ 0.025) capacitation but did not stimulate the angiotensin II on uncapacitated suspensions spontaneous acrosome reaction. Since both calcitonin and angiotensin II significantly stimulated Series IV: effect on uncapacitated suspensions of FPP in capacitation, responses to combinations of both high concombination with calcitonin or angiotensin II centrations (those used in series I and II) and low concentrations (one-tenth of the high concentrations) were investigated.
The responses to calcitonin and angiotensin II, individually and in combination, were very similar to those observed earlier Sperm suspensions were prepared and incubated for 40 min in the presence of: no additions (control), 5 ng/ml salmon with FPP, adenosine and FPP ϩ adenosine (Green et al., 1994 (Green et al., , 1996b . Therefore, responses to low FPP in combination with calcitonin (high), 1 nmol/l angiotensin II (high), 5 ng/ml salmon calcitonin ϩ 1 nmol/l angiotensin II (high), 0.5 ng/ml low concentrations of calcitonin and/or angiotensin II were investigated. Sperm suspensions were prepared and treated salmon calcitonin (low), 0.1 nmol/l angiotensin II (low) or 0.5 ng/ml calcitonin ϩ 0.1 nmol/l angiotensin II (low; n ϭ 3).
with: no additions (control), 100 nmol/l FPP (high; positive control), 12.5 nmol/l FPP (low, non-stimulatory; Green et al., Consistent with series I and II, CTC analysis revealed that high concentrations of calcitonin and angiotensin II 1994), 12.5 nmol/l FPP ϩ 0.5 ng/ml salmon calcitonin (low), 12.5 nmol/l FPP ϩ 0.1 nmol/l angiotensin II (low) or 12.5 significantly stimulated capacitation (P Ͻ 0.025) when used individually (Figure 3) , but when combined, the stimulation nmol/l FPP ϩ 0.5 ng/ml calcitonin ϩ 0.1 nmol/l angiotensin II (low; n ϭ 3). The positive and negative FPP controls was even higher (P Ͻ 0.01). Neither of the low concentrations elicited the responses previously reported (Green et al., 1994) , with 100 nmol/l FPP significantly stimulating capacitation (P Ͻ 0.01) while low FPP (12.5 nmol/l) did not, when compared with untreated controls (Figure 4 ). The combination of low FPP plus either low calcitonin or low angiotensin II significantly stimulated (P Ͻ 0.025) capacitation, compared with controls, and the combination of all three low concentrations of peptides was even more stimulatory (P Ͻ 0.01).
In a separate set of experiments, the effect of combining high concentrations of all three peptides was investigated. Sperm suspensions were treated with: no additions (control), 100 nmol/l FPP or 100 nmol/l FPP ϩ 5 ng/ml salmon calcitonin capacitation in uncapacitated mouse spermatozoa, it seemed important to determine whether these peptide hormones had any effect on capacitated cells. As detailed above, FPP, which were preincubated for 90 min, filtered and then incubated for 40 min following addition of: no treatment (control), 100 nmol/ has similar stimulatory effects to calcitonin and angiotensin II on uncapacitated spermatozoa, also acts on capacitated cells, l FPP, 100 nmol/l FPP ϩ 100 ng/ml pertussis toxin, 5 ng/ml salmon calcitonin, 5 ng/ml salmon calcitonin ϩ 100 ng/ml arresting capacitation by inhibiting spontaneous acrosome reactions (Green et al., 1996b) . pertussis toxin, 1 nmol/l angiotensin II or, finally, 100 nmol/l FPP ϩ 5 ng/ml salmon calcitonin ϩ 1 nmol/l angiotensin II. A preliminary experiment revealed that both FPP and calcitonin inhibited spontaneous acrosome reactions in 100 nmol/l FPP significantly inhibited spontaneous acrosome reactions (P Ͻ 0.01), as did 5 ng/ml calcitonin, but the capacitated cells, while angiotensin II did not. Earlier investigations had demonstrated that responses in capacitated inclusion of pertussis toxin abolished responses to both peptides ( Figure 6 ). In contrast, angiotensin II had no inhibitory effect spermatozoa to FPP could be blocked by the inclusion of pertussis toxin, suggesting the involvement of inhibitory G on spontaneous acrosome reactions. When all three peptides were used simultaneously, the incidence of spontaneous acroproteins (Fraser and Adeoya-Osiguwa, 1999) . Therefore, in the subsequent replicates (n ϭ 3), untreated sperm suspensions some loss was as low as that seen in suspensions treated with in vitro of epididymal mouse spermatozoa to the peptides, using FPP as a positive control for comparison. Results indicated that there are, in fact, unexpected similarities in responses to these three peptides.
When assessed using CTC fluorescence, both salmon and human calcitonin significantly stimulated capacitation, suggesting that calcitonin would also stimulate fertilizing ability; subsequent IVF experiments confirmed this. Visual evaluation of suspensions indicated that sperm motility per se in the presence of calcitonin was even better than in untreated controls, and the greater fertilizing ability of spermatozoa treated with both salmon and human calcitonin indicated that hyperactivated motility was stimulated. Successful fertilization requires spermatozoa to express hyperactivated motility; computer-assisted analysis of FPP-treated cells has confirmed hyperactivation (Green et al., 1996c) , consistent with their enhanced fertilizing ability (Green et al., 1994) . In contrast, other authors (Gnessi et al., 1984) reported that salmon calcitonin, but not human calcitonin, at a concentration of ജ4 nmol/l, inhibited human sperm motility in vitro. The concentrations of calcitonin used in this study (~1.5 nmol/l salmon calcitonin;~60 nmol/l human calcitonin) were not markedly different from those used by Gnessi et al., suggesting that their observations may have been artefactual. Consistent with the demonstrably higher potency of teleost calcitonin, compared with rat and human calcitonin (Pozvek et al., 1997) , higher concentrations of human calcitonin were required to the most common response is a stimulation of AC activity Con-130, end of treatment), 100 nmol/l FPP (FPP), 100 nmol/l FPP ϩ 100 ng/ml PT (FPPϩPT), 5 ng/ml calcitonin (CT), 5 ng/ml with a consequent rise in cAMP (e.g. Siga et al., 1994) . Such calcitonin ϩ 100 ng/ml PT (CTϩPT), 1 nmol/l angiotensin II (AII), a mechanism of action would be plausible for the effects of 100 nmol/l FPP ϩ 5 ng/ml calcitonin ϩ 1 nmol/l angiotensin II calcitonin on spermatozoa since AC/cAMP is known to play (FPPϩCTϩAII) . Data are presented as percentage cells (mean Ϯ a pivotal role in capacitation (e.g. Fraser and Monks, 1990;  SE; n ϭ 3) expressing the F pattern ( a ), the B pattern ( r ) and de Lamirande et al., 1997) .
the AR pattern ( s ) of CTC fluorescence. ***P Ͻ 0.01 compared with untreated controls at 130 min.
Angiotensin II also significantly stimulated capacitation in uncapacitated sperm suspensions evaluated with CTC. The magnitude of response obtained was similar with both 1 and only FPP or calcitonin, indicating that angiotensin II was not 10 nmol/l peptide, indicating that once optimal stimulation has able to interfere with responses to FPP and calcitonin.
been achieved, higher concentrations will not elicit further response. In an earlier study, equivalent stimulation was Discussion obtained with both 100 and 500 nmol/l FPP (Green et al., 1994) . The CTC results suggested that angiotensin II-treated FPP elicits capacitation-dependent responses in mouse (Green et al., 1994 (Green et al., , 1996b and boar spermatozoa (Funahashi et al., suspensions would be more fertile in vitro and this was confirmed by IVF experiments. As with calcitonin, angiotensin 2000). These responses to FPP involve modulation of the adenylyl cyclase (AC)/cAMP signal transduction pathway II-treated suspensions were highly motile and the enhanced fertilizing ability indicating a stimulation of hyperactivated (Adeoya-Osiguwa et al., 1998; Fraser and Adeoya-Osiguwa, 1999) . Changes in the phosphorylation state of tyrosine residues motility. Earlier observations of human spermatozoa, made in the presence of diluted seminal plasma now known to contain present in a number of proteins have been detected (AdeoyaOsiguwa and Fraser, 2000) , with cAMP production and protein endogenous angiotensin II, had also detected stimulatory effects of exogenous angiotensin II on motility (Vinson et al., 1995 (Vinson et al., , tyrosine phosphorylation being stimulated in uncapacitated cells, but inhibited in capacitated cells. 1996 . In the present study, epididymal mouse spermatozoa, having had no prior contact with peptide of seminal plasma Given the presence of both calcitonin and angiotensin II in seminal plasma and specific receptors for those two peptides origin, were more fertile following a short preincubation in exogenous angiotensin II than untreated controls. These results on spermatozoa, the present study investigated responses augment those of Vinson et al. (1995) providing unequivocal proteins. FPP-treated capacitated mouse spermatozoa have significantly less cAMP than controls, but the inclusion of evidence that angiotensin II can affect sperm function, including motility, in biologically relevant ways.
pertussis toxin along with FPP results in cAMP concentrations similar to those observed in untreated controls (Fraser and Identification of angiotensin II's mechanism of action in spermatozoa is equivocal at present. Like calcitonin receptors, Adeoya-Osiguwa, 1999) . Indeed, those data suggest that unregulated cAMP production may lead to, or even, promote AT1 and AT2 angiotensin receptors are members of the seven transmembrane receptor family . AT1 spontaneous acrosome loss. The present results are consistent with the hypothesis that calcitonin also modulates AC/cAMP receptors in somatic cells are usually linked to G q -containing G proteins; consequently angiotensin II stimulation is often in a capacitation-dependent, G-protein mediated manner. In contrast, angiotensin II appears to act only on uncapacitated associated with phospholipase C activation, leading to increased diacylglycerol and inositol trisphosphate generation, spermatozoa. There was no evidence for a response in capacitated cells to angiotensin II, used individually or in activation of protein kinase C (PKC) and elevation of intracellular Ca 2ϩ [Ca 2ϩ ] i (Sayeski et al., 1998.) . There is also combination with FPP and calcitonin. The absence of increased acrosome reactions when all three peptides were used indicated evidence that angiotensin II can activate dihydropyridinesensitive Ca 2ϩ channels and inhibit AC activity (e.g. Ohnishi that angiotensin II was not able to interfere with the inhibitory effects of FPP and calcitonin on the spontaneous acrosome et al., 1992). However, activation of phosphoinositide-specific phospholipase C and PKC has only been detected in capacitated reaction.
In recent years, a pertussis toxin-sensitive inhibitory G human spermatozoa, both being stimulated by an influx of Ca 2ϩ due to opening of dihydropyridine-sensitive Ca 2ϩ channels that protein has been implicated in the zona pellucida-stimulated acrosome reaction (e.g. Endo et al., 1987; Lee et al., 1992) . also appear to function only in capacitated cells (O'Toole et al., 1996a,b,c) . Finally, it seems unlikely that angiotensin On the other hand, both the present study and an earlier one (Fraser and Adeoya-Osiguwa, 1999) have indicated that II inhibits AC/cAMP since the peptide has been shown to augment responses to FPP. Given that FPP is known to pertussis toxin-sensitive inhibitory G proteins are involved in inhibiting spontaneous acrosome reactions. These hypotheses stimulate cAMP production in uncapacitated cells (AdeoyaOsiguwa et al., 1998; Fraser and Adeoya-Osiguwa, 1999) , are not incompatible, since inhibitory G proteins can interact with many different receptors. The continued presence of inhibition of cAMP production by angiotensin II would cancel out the stimulatory effect of FPP, not augment it.
FPP and calcitonin did not interfere with fertilizing ability, indicating that inhibition of spontaneous acrosome loss did Two recent studies, (Wennemuth et al., 1999; Sabeur et al. 2000) which looked at mouse and equine spermatozoa not interfere with a spermatozoon's intrinsic fertilizing ability. In a recent study (Fraser and Adeoya-Osiguwa, 1999) , several respectively, have reported a rise in intracellular Ca 2ϩ ([Ca 2ϩ ] i ) in cells treated with angiotensin II. A rise in [Ca 2ϩ ] i could different inhibitory Gα subunits were identified in mouse spermatozoa, raising the possibility that one or some of these have a general stimulatory effect on a number of important systems in uncapacitated spermatozoa, including AC/cAMP subunits may be involved in inhibiting spontaneous acrosome reactions, while others may be involved in the zona-stimulated (Fraser and Monks, 1990) . However, the precise mechanism of action of angiotensin II in spermatozoa is unclear at present acrosome reaction. The present results, indicating that angiotensin II acts only and requires further investigation.
The fact that combinations of calcitonin and angiotensin on uncapacitated mouse spermatozoa, differ considerably from those obtained in three recent studies, all reporting that II, especially at low, non-stimulatory concentrations, had a significant effect on capacitation suggests that both may be angiotensin II stimulates the acrosome reaction (human, Köhn et al., 1998; bovine, Gur et al., 1998; equine, Sabeur et al. , working on the same signalling pathway. If they were activating different pathways, then it seems unlikely that low concentra-2000). However, the experimental protocols used were not sufficiently rigorous to support this conclusion unequivocally. tions, in combination, would produce a significant stimulatory effect since individually neither elicited detectable responses.
In the first study (Köhn et al., 1998) , angiotensin II reportedly induced acrosome reactions in human spermatozoa incubated Similarly, the significant effect elicited by a low, nonstimulatory concentration of FPP plus either low calcitonin or for 3-6 h in the continuous presence of 1-100 nmol/l angiotensin II; pertussis toxin had no effect on the acrosome reaction. low angiotensin II argues for activation of the same pathway. We therefore propose that calcitonin and angiotensin II, like Continuous presence of the peptide makes it difficult to conclude that the acrosome reaction was 'induced'. In the FPP, somehow modulate the AC/cAMP pathway and we now have preliminary (unpublished) data demonstrating that second study (Gur et al., 1998) , a Ca 2ϩ -deficient medium was used to 'capacitate' bovine spermatozoa, with Ca 2ϩ only being calcitonin does significantly stimulate cAMP production in uncapacitated cells.
added during the last 20 min; angiotensin II reportedly had no effect on uncapacitated cells but induced the acrosome reaction Although all three peptides had similar effects on uncapacitated cells, differences were observed with capacitated in capacitated cells (determined by acrosin activity in the supernatant). Because Ca 2ϩ is required for complete capaspermatozoa: both FPP and calcitonin inhibited spontaneous acrosome reactions but angiotensin II did not. Furthermore, citation (e.g. de Lamirande et al., 1997) , the precise physiological state of the cells is unclear; this makes interpretation responses to FPP and calcitonin were abolished by the inclusion of pertussis toxin, suggesting the involvement of inhibitory G of results difficult. In the third study, (Sabeur et al., 2000) the
